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number of concentrical spaced apart layers of cylinders 
of a perforated or expanded metal sheet. The number of 
layers of the cathode is 2-50. preferably 3-20. The lay 
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SEA WATER BA'ITERY 

This application is a continuation of PCT application 
Ser. No. 01/000056, ?led Mar. 23, 1990. 

FIELD OF THE INVENTION 

The present invention relates to sea water batteries or 
saltwater galvanic cells or batteries which use oxygen 
dissolved in the seawater as the oxidant, and it relates in 
particular to cathodes which are suitable for cells which 
are exposed to high hydrodynamic forces (from waves 
or strong currents). 
Low power seawater cells which use the oxygen 

dissolved in the seawater as the oxidant and a consum 
able anode for example as described in International 
Publication No. W0 89/ 11165 (Hasvold 3) have been 
successfully tested in the sea over nearly two years. 
These cells use an inert metal cathode (stainless steel) 
which is coated with a catalyst for the reduction of 
oxygen. In batteries, the cells are connected in parallel, 
and the cell voltage is converted to a useful value with 
a DC/DC converter. 

Seawater batteries are attractive as they can be stored 
in a dry condition inde?nitely, they have an energy 
density which compares favorably with lithium batter 
ies and they pose no safety hazards, as they are neither 
?ammable nor do they contain any toxic compounds. 
The chemical reactions in a typical seawater battery 

with magnesium anode are: 

(anode reaction) 
(cathode reaction) 
(cell reaction) 

Magnesium is a major component in the seawater 
which makes the magnesium based seawater battery 
environmentally harmless. A discharged battery can 
easily be recharged mechanically by inserting a new 
magnesium anode. 
To ensure a high surface area of the cathode, the inert 

metal can be in the form of wool sandwiched between 
two layers of metal net or expanded metal. The packing 
of the wool is loose to provide an easy flow of fresh, 
oxygenrich seawater through the cathode structure. 
Additionally, the cell must have an open structure to 
allow free access of fresh seawater and to get rid of the 
reaction products formed. 

If such a cell is used close to the water surface under 
conditions of strong wave action, the wool structure 
may be mechanically destroyed unless a very stiff qual 
ity is used. Also, close to the surface, biofouling (for 
example of algae,.bamacles and mussels) will be a prob 
lem unless copper or a copper alloy is used as the cath 
ode. The corrosion of copper will normally leak suffi 
cient amounts of copper ions to function as an excellent 
antifouling agent as long as the cathode potential is not 
lowered too much from the free corrosion potential of 
the metal. As the corrosion potential of copper is low 
compared to the cathode potential of catalyzed cath 
odes under load, the cell voltage of copper based seawa 
ter cells is however only 1.2 V as compared to 1.6 V for 
cells using catalyzed stainless steel. Also, as copper is a 
very soft metal, copper-wool cathodes do not have 
sufficient strength to be used under rough conditions. 
Metal plate cathodes can be used, but the mass transport 
limiting current for plates is low and decreases with the 
length of the plate. This has been described in a book by 
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2 
Klaus J. Vetter: ‘Electrochemical Kinetics’ published 
by Academic Press, New York 1967. Thus unless the 
plates are perforated, plate cathodes have low effi 
ciency and are expensive to produce. If the cathode 
consists of wire which is thin compared to the thickness 
of the diffusion layer, cylindrical diffusion will further 
increase the mass transport limiting current and thus the 
loadability of the cathode. 

DESCRIPTION OF THE RELATED ART 

From US. Pat. No. 4,522,897 (M. A. Walsh) there is 
known a so called rope battery having a flexible struc 
ture. The rope battery consists of a central ?exible an 
ode, a porous separator and a flexible outer coaxial 
cathode. The cathode consists preferably of twisted or 
braided strands of an inert metal, but can also be made 
of perforated metal sheet or expanded sheet metal. This 
kind of battery will probably not be suitable for cells 
which are exposed to high hydrodynamic forces (from 
waves or strong currents). 

OBJECT OF THE INVENTION 

The object of the present invention is to provide 
seawater cells and batteries which are mechanically 
robust, inexpensive to produce and have a high effi 
ciency. The features of the invention are de?ned in the 
claims. 
Above mentioned and other features and objects of 

the present invention will clearly appear from the fol 
lowing detailed description of embodiments of the in 
vention taken in conjunction with the drawings, where 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a curve illustrating how plate sizes 
in?uence the limiting current, 
FIG. 2 shows‘ a spiral cathode, 
FIG. 3 shows the preferred expansion of a cathode 

plate, and 
FIGS. 4 and 5 schematically show a galvanic cell 

according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In FIG. 1, the curve, which is calculated from the 
equations 2.153 and 2.91 in the above-mentioned book 
by K. J. Vetter, shows that the mean limiting current 
density decreases rapidly with increasing plate size. The 
curve values are calculated at a flow velocity of 0.001 
m/s parallel to the surface and in the length direction of 
the plate. As the limiting current is the highest current 
density possible, the size of the plate perpendicular to 
the direction of flow should be kept as small as is consis 
tent with the mechanical loads on the cathode. 
The curve describes the mean current density over a 

plate cathode as a function of the length of the plate, 
assuming pure diffusion control of the reaction. (Ideal 
electrocatalyst and infinite conductivity of the electro 
lyte.) Current generated at the leading edge is not in 
cluded. 
Another aspect of achieving a high limiting current is 

to reduce the compositional changes of the electrolyte 
at the electrode surface. These changes (alkalinization) 
increases when the ratio between the actual current 
density and the limiting current density increases and 
may eventually lead to formation of a calcareous layer 
on the cathode. 
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Good results have been obtained with a cell 1 which 
is schematically illustrated in FIG. 2. An anode 2 is 
encircled by a cathode 3 made from an expanded metal 
sheet which is coiled in a spiral. The number of spiral 
layers, turns should be 2-50 and preferably between 3 
and 20 to obtain good results. Mechanical strength is 
gained either from radially welded metal bars 4 or from 
spacers between the layers or both. Notches in the ex 
panded metal along the edge may also serve as spacers. 
They may be welded to the adjacant layer. The pre 
ferred way of making the cathode is to place the end of 
the precoiled helix in a mould and ?ll the mould with a 
polymer. After curing, the process is repeated with the 
other end of the spiral. 
The preferred expanded metal cathode is made from 

a metal sheet as illustrated in FIG. 3, having a thickness 
T from 0.5 to 1.5 mm. The preferred distance W be 
tween the cuts in the metal plate (i.e. the “wire-thick 
ness") is from 1 to 4 mm, with a preferred cutlength of 
from 5 to 30 mm. The plate is expanded with a factor of 
l to 5 to produce slots having a length L from 2 to 50 
mm and a height H from 1 to 25 mm. 
FIG. 4 illustrates schematically, and not to scale, a 

galvanic cell 10 having an anode 11 and a helical cath 
ode 12 made of expanded metal sheet. The various lay 
ers 13, 14 of the expanded metal cathode are separated 
from each other by means of spacers 15, 16. The spacers 
can take many different forms. The number of layers 
should preferably be greater than three. The anode 11 
and cathode 12 are supported between two ?anges 17 
and 18 of insulation material. The preferred method is 
to mould the ?anges together with the spiral as men 
tioned earlier. This forms a very stiff structure which 
makes the use of spacers 15 and 16 unnecessary as both 
ends of the spiral are moulded into the ?anges. Suitable 
polymers are polyurethanes, epoxies and polyesters and 
the strength of the polymer may be increased with ? 
bers of e. g. glass reinforced plastic. Typically the anode 
is bolted to the ?ange with nylon bolts. 
Assuming a current density of 200 mA/m2 and a total 

current of 3 A, the required surface area would be 15 
m2. The effective area of an expanded metal plate is 
comprised not only of both sides of the metal plate such 
as the area of the strips with width W and the intercon 
necting strips, but also the area constituted by the thick 
ness T of the strips. A 5 in2 plate of suitable thickness 
having a surface area of 10 m2 can for instance be cut 
and expanded to a plate having an exposed area of 15 
m2. 
Given a 4.0 in times 1.0 in plate which is expanded by 

a factor of 2.5 to a plate having dimensions in the order 
of 10.0 in times 1.0 m (or somewhat less than that), an 
inner coil radius of 0.2 m and an increment of 0.01 m 
between the spiral layers, the number of layers would 
be about 7. The dimensions for such a spiral cathode 
made from a 1.0 mm thick expanded plate, would be an 
annulus having an inner diameter d1 of 0.4 m and an 
outer diameter d2 of about 0.56 m. The height h of the 
annulus would be somewhat less than 1.0 m. The dimen 
sions can of course be varied, but the number of layers 
should preferably be greater than three. 

It should also be clear that one can make a cathode 
with the same good electrical properties from concen 
tric cylinders of expanded metal if the cylinders are 
electrically interconnected. One such cell is shown 
schematically in FIG. 5 with an anode l9 and a cathode 
20. The cell will also have the same good mechanical 
properties as the cell with the spiral cathode if the ends 
of the cathode are moulded into the flanges as men 
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tioned above. This cell will, however, be more expen 
sive to produce than cells with spirally coiled cathodes. 
Whereas near circular expanded metal cathode layers 

are exampli?ed in the drawings, changes in the shape of 
the spiral or cylindrical cathode layers from near circu 
lar to ?at ellipsoidal form will not lead to a major 
change in the performance of the cell as long as the 
shape of the anode is changed also. 
We claim: 
1. Saltwater galvanic cell based on using oxygen 

dissolved in seawater as oxidant and comprising a coax 
ial arrangement of a metal anode and a separate metal 
cathode structure, said cathode structure comprising at 
least two turns of spirally wound perforated or ex 
panded metal sheet. 

2. Saltwater galvanic cell based on using oxygen 
dissolved in seawater as oxidant and comprising a coax 
ial arrangement of a metal anode and a separate metal 
cathode structure, said cathode structure consisting 
essentially of two or more concentric cylinders of per 
forated or expanded metal sheet. 

3. Cell according to claim 2, wherein the number of 
concentric cylinders of the cathode is within the range 
of from 3 to 50. 

4. Cell according to claim 2, wherein the concentric 
cylinders of the cathode are spaced apart with radially 
arranged spacing means. 

5. Cell according to claim 2, wherein the cathode 
structure is made from plates having a thickness T from 
0.5 to 1.5 mm and a distance W between cuts in the 
metal plate from 1 to 4 mm, with a cutlength of from 5 

. to 30 mm. 
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6. Cell according to claim 5, wherein the plate is 
expanded with a factor of l to 5 to produces slots hav 
ing a length L from 2 to 50 mm and a height H from 1 
to 25 mm. 

7. Cell according to claim 2, further comprising two 
?ange plates formed from insulative material for sup 
porting respective upper and lower ends of the anode 
and the cathode structure. 

8. Cell according to claim 6, wherein the distance 
between the cylinders is from 0.5 H to 5 H. 

9. Cell according to claim 7 wherein the two ?ange 
plates are molded to the cathode and function as the 
spacing means for the cathode structure. 

10. Cell according to claim 1, wherein the number of 
turns is within the range of from 3 to 50. 

11. Cell according to claim 1, wherein the turns of the 
spirally wound cathode are spaced apart with radially 
arranged spacing means. 

12. Cell according to claim 1, wherein the cathode 
structure is made from at least one plate having a thick 
ness T from 0.5 to 1.5 mm and a distance W between 
cuts in the metal plate from 1 to 4 mm, with a cut length 
of from 5 to 30 mm. 

13. Cell according to claim 12, wherein the plate is 
expanded with a factor of l to 5 to produces slots hav‘ 
ing a length L from 2 to 50 mm and a height H from 1 
to 25 mm. 

14. Cell according to claim 1, further comprising two 
?ange plates formed from insulative material for sup 
porting respective upper and lower ends of the anode 
and the cathode structure. 

15. Cell according to claim 13, wherein the distance 
between the turns of the spiral cathode is from 0.5 H to 
5 H. 

16. Cell according to claim 14 wherein the two ?ange 
plates are molded to the cathode and function as a spac 
ing means for the cathode structure. 

Q i i l 0 


